Several phosphatases have been demonstrated in Dictyostelium discoideum. The alkaline phosphatase, pH optimum 9.0, is a 5'-nucleotidase, attacking adenosine monophosphate and deoxyadenosine monophosphate, but catalyses also hydrolysis of p-nitrophenyl phosphate. In the absence of exogenous nutrients this enzyme increases about 6-fold in vitro during differentiation. Its activity\in vivo may in part be controlled through endproduct inhibition by orthophosphate which has been found to accumulate in the cells during sporulation. Exogenous orthophosphate and glucose repress the levels of alkaline phosphatase in the spores. The data support the conclusion that end product inhibition and repression collaborate to ensure maximal alkaline phosphatase activity in vivo during culmination. Exogenous adenosine and deoxyadenosine increase the alkaline phosphatase levels in the sorocarps.
INTRODUCTION
Histochemical and in vitro studies on the differentiating cellular slime mould Dictyostelium discoideum have shown that the enzyme alkaline phosphatase changes in activity during the development of the organism. The activity increases until spore formation but decreases to a minimum in the mature fruiting bodies or sorocarps (Bonner, Chiquoine & Kolderie, 1955 ; Krivanek, 1956) . These studies were performed with b-glycerophosphate as substrate at pH 9.3. With adenylic acid at pH 8.3, Krivanek & Krivanek (1958) found a similar activity pattern for 5'-nucleotidase. It has been shown (Wright, 1960) for other slime mould enzymes that apparent increases in in vitro activities during differentiation may be due to rapid inactivation in extracts prepared at the early stages of development and thus do not represent true increases in enzyme concentrations. In the event that true increases are shown to occur, these do not necessarily reflect increased enzyme activities in vivo, where, e.g. changes in substrate and inhibitor concentrations may control the reactions. The present investigation was, therefore, undertaken to determine if the observed changes in alkaline phosphatase activity in vitro reflect the conditions inside the living cells.
During this work a number of phosphatases have been detected, distinguishable from each other through pH optima, Mg2+ requirements and their in vitro activities at the various stages of differentiation, They include, besides the alkaline phosphatase, one acid phosphatase, optimum about pH 3-5, one ATP (see p. 312) attacking enzyme, two pyrophosphatases with optima at pH 6.2 and 8.8 and one enzyme, 
METHODS
The myxamoebae of Dictyostelium discoideum strain NC-4 were grown at 23' on SM agar (Sussman, 1961) with Escherichia coli strain ML 304d, washed and transferred to 2 % plain agar for starvation and multicellular differentiation at 1 7 ' as described by Liddell & Wright (1961) . Compounds studied in induction and repression experiments were included in the 2 % agar. For comparison, in one experiment the slime mould was allowed to differentiate on the complex medium in the presence of residual food bacteria.
The enzyme activities were studied in crude cell-free extracts. At the desired stage of development the slime mould was harvested from the agar with 0.01 M-tris Alkaline phsphataae in D. discoideuna 311 buffer (pH 7.2). The suspension was homogenized in an Aminco (American Instrument Corporation, Silver Spring, Md, U.S.A.) French pressure cell a t 5000 lb./sq. in. and the homogenate centrifuged at 3000 g. for 10 min. All these procedures were undertaken in the cold. The protein content in the extracts was usually about 10 mg./ml.
Protein was determined by the modified micro-biuret method (Zamenhof, 1957) with crystalline serum albumin as a standard. The measurements were performed in a Zeiss spectrophotometer Model PMQ 11. The determinations were made either on the crude extracts or after precipitation of the protein in 3*5% (w/v) perchloric acid followed by dissolving of the precipitate in 0.5 M-NaOH. The latter procedure was necessary when the experiments involved a comparison between different developmental stages because of the varying size of the amino acid pool and of the small peptide pool during differentiation (Wright, 1964) .
Intracellular orthophosphate. To avoid washing out phosphate from the cells during the harvesting procedure, at different stages the organism was removed from the agar surface with a glass slide and suspended in cold 0.01 M-tris (pH 7-2). At the sorocarp stage determinations were made both on the whole fruiting bodies and on the spores.
A sample of the fresh suspension was immediately extracted for 30 min. in cold Another sample of the suspension was centrifuged for 10 min. at lOOOg, giving the corresponding volume of packed organism (Wright & Bard, 1963) . The intracellular phosphate concentration was expressed as molarity in terms of packed cell volume.
Enzyme assays. The alkaline phosphatase activity was assayed in diluted extracts (about 0.1 mg. protein/ml.) with p-nitrophenyl phosphate (NPP) as substrate (Torriani, 1960) unless specified otherwise. The reaction was followed spectrophotometrically (Beckman DU or Zeiss PMQ 11) a t 23" by the formation of nitrophenol (NP) at 420 mp.
The reaction mixture, 1 ml., was 0.05 or 0.5 M-tris (pH 9), 0.02 M-MgCl,, 0.01 M-NPP. In the early experiments, where 0-5 M-tris was used, no MgCl, was added, and it was also omitted in the experiments on phosphate inhibition. The amount of crude enzyme added corresponded to 5-50 pg. proteinlml. The enzymespecific activity was calculated from the initial rapid reaction rate and expressed as a ,uMmole NP/min./mg. protein. Figs. 7-11 express activity in these terms; comparative data on substrate specificity, pH optima, etc., are expressed as per cent of maximal activity.
The hydrolysis of other phosphate compounds was determined as the amount of orthophosphate (Pi) released, and the specific activity expressed as piamole Pi/min./mg. protein. The reaction mixture was 0.05 M-tris, 0.02 ~-Mgcl, (except as noted) and 0.01 M with respect to substrate concentration. The incubation time was 15 min. to 1 hr, occasionally longer, and the temperature was 23'. The reaction was stopped through addition of cold 30% TCA to final concentration 6%. The Pi was determined according to Dryer et al. (1957) . Control tubes without enzyme were incubated in all experiments.
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The hydrolysis of $-AMP was determined also as the amount of adenosine formed (Herman & Wright, 1959) . The reaction was stopped by addition of 10% TCA to final concentration 2 yo. After centrifugation, samples (0.03 ml.) of the supernatant fluid were assayed with adenosine deaminase in a total of 1.1 ml. of 0.05 M-phosphate buffer (pH 7-5). The reaction was followed as the decrease in extinction a t 265 mp in the Zeiss (Kornberg & Pricer, 1951) . The following abbreviations are used throughout this paper : NPP, p-nitrophenyl phosphate; NP, nitrophenol; Pi, orthophosphate; PGP, P-glycerophosphate; G SPY glucose-6-phosphate; G lP, glucose-1-phosphate; FDP, fructose-l,6-diphosphate; 5'-AMP, 5'-GMP, 5'-CMP, 5'-UMP, 5'-TMP, and 5'-IMP, the 5'-monophosphates of adenosine, guanosine, cytidine, uridine, thymidine and inosine respectively ; 5'-dAMP, deoxyadenosine-5'-monophosphate; 3'-AMP, adenosine-3'-monophosphate; ATP, GTP, UTP, ADP, GDP, UDP, the tri-and diphosphates of adenosine, guanosine and uridine ; PPi, pyrophosphate ; tris, tris( hydroxymethy1)aminomethane; and TCA, trichloroacetic acid.
Reagents

RESULTS
The stages usually studied were amoeba (starved for 2 3 hr), pre-culmination, culmination and sorocarp (about 10-15 hr after sorocarp formation). The time required for sporulation varied between the experiments depending on the status of the amoebae at the time of transfer from the rich medium, variations in washing and plating procedures, and so on.
pH optimum. As shown in Fig. 2 optimal phosphatase activity against NPP was obtained at pH 9.0 in extracts prepared either at the amoeba or sorocarp stage. The optimum on 5'-AMP was also pH 9, whereas activity on 5'-GMF had a broader optimum around pH 8. This fact and other data (see below) indicate that 5'-GMP is not a substrate for alkaline phosphatase.
Substrate concentration. The effect of increasing substrate concentration on phosphatase activity against NPP and $-AMP is shown in Fig. 3 . The optimal concentration range was the same for both compounds.
Mg2+ activation. The phosphatase was more dependent on Mg2+ ions when assayed in a final concentration of 0-05 M-tris than when 0.5 M-tris was used. With dialysed extracts about 7 5 % of maximal activity against NPP was obtained in 0-5 M-tris without addition of Mg2+ compared to 50 yo a t the lower buffer concentration (Fig. 4) . A similar relationship between buffer concentration and Mg2+ activation has been reported for the alkaline phosphatase of Escherichia coZi (Garen & Levinthal, 1960 for AMP the activity without Mg2+ is higher than that usually obtained as in Table 3 .) In contrast, activity on 5'-GMP was completely dependent on Mg2+ implicating another enzyme (see below). Distribution of enzyme activity in vitro during digerentiation . The alkaline phosphatase activity in vitro increased about 5-7 times during differentiation. The activity was highest in the sorocarps and the major increase took place during culmination (Table 5) . Since some bacteria were always transferred to the plain agar with the amoebae, and since the amoebae, even after starvation for 2-3 hr, still might contain engulfed Escherichia coli in various states of disintegration, the phosphatase activity measured in the amoeba extracts might have been derived in part from bacterial enzyme. No phosphatase activity, however, was demonstrable in the E. coli mutant strain used when it was grown on the rich medium. This was consistent with the (Torriani, 1960) by orthophosphate, a component in the SM agar.
In cell-free extracts prepared from the amoebae immediately after removal from the complex medium, as well as after washing and after starvation for 3 hr on the plain agar, the alkaline phosphatase activities were 11, 13 and 19 m,m/min./mg. protein, respectively. In a separate experiment, the amoebae were grown on dead 
Escherichia coli.
No control with living bacteria was possible because of the lower growth rate on the dead organism (Raper, 1951) . The phosphatase activity obtained was 18 mpM/min./mg. protein, i.e. of the same magnitude as observed for amoebae grown on live bacteria. It is therefore concluded that the alkaline phosphatase activity measured in the amoeba extracts was derived from Dictyostelium discoideum.
Remnant bacteria, possibly de-repressed on the plain agar, did not contribute significantly to the alkaline phosphatase activity in the sorocarp extracts since spores separated from stalks, debris and bacteria gave an extract higher in specific Alkaline phosphatme in D. discoideum 315 activity than the complete sorocarps. Apparently the stalks contained relatively little of the enzyme. All experiments were performed with cell-free extracts. However, the enzyme-specific activity against NPP was the same whether the homogenate or the extract was used.
Stability. Storage of the cell-free extracts at + 4 O resulted in loss of activity, especially in those prepared at the early stages of development (Table 1) The concentrated extracts were stored at $4" and assayed without dilution in 0-5 M-tI"iS without MgCl,. Specific enzyme activity is defined in Methods.
when the extracts were diluted immediately by a factor of 100, i.e. to a concentration of about 0.1 mg. proteinlml. and stored as such at +4", no decrease in activity appeared in 48 hr ( Table 2 ). There was, on the contrary, a pronounced increase in dkaline phosphatase activity during the first day, especially in the sorocarp extract (see below), Because of this release of enzyme activity and the stability of the enzyme thereafter, the phosphatase activities were always assayed after storage of The crude extracts tolerated a temperature of 50" for 5 min. ; prolonged treatment (30 min.) inactivated the alkaline phosphatase. At 80' all activity was lost within 1 min. both a t the sorocarp and the amoeba stage. Because of the undefined conditions in the extracts, no further experiments on heat stability were performed. The fresh extracts were diluted to a concentration of ca. 0.1 mg. proteinlml. and stored at + 4".
* Hours after initial dilution.
The activities were measured in 0.5 M-tris without MgCI,.
I Table 3 Substrate specifiity A large number of phosphate esters were tested as substrates for the alkaline phosphatase at the sorocarp and amoeba stages (Tables 3, 4) . The tables show that, for the compounds tried at both stages, the substrate specificity was the same in the amoeba and sorocarp extracts. Since the pH optimum (Fig. 2) and the Mg2+ activation (Fig. 4) also were the same at both stages, it seemed probable that the amoeba and sorocarp alkaline phosphatases were identical. PGP, used by Bonner et al. (1955) and by Krivanek (1956) was a poor substrate for the enzyme. It required prolonged incubation times (1-3 hr) and higher substrate concentration than did NPP. Although the results for PGP are therefore difficult to interpret, the specific activity did increase from amoeba to sorocarp in the experiments, thus resembling the activity pattern against NPP.
G6P, G1P and FDP were only very slightly hydrolysed at pH 9.0, if at all. Of these compounds, at least G6P and FDP served as substrates for the acid phos-Alkaline phosphatase in D. discoideum 317 phatase, which was not activated by Mg2+. The low activities against these three phosphate esters obtained a t pH 9.0 were probably due to this latter enzyme. Of the 5'-nucleotides listed in Table 3 , only 5'-AMP and 5'-GMP were readily hydrolysed at pH 9.0; GMP, however, was only attacked in the presence of Mg2+.
With NPP and 5'-AMP there was a 6-fold increase in enzyme concentration during differentiation (Table 5 ) . Hence the ratio between the specific activities in AMP and NPP was constant during development. The specific activity on 5'-GMP was entirely different: it was about the same a t all stages. The ratio 5'-GMP:NPP was therefore highest a t the amoeba and lowest a t the sorocarp stage. Together Table 4 with the absolute Mg2+ requirement for phosphatase activity against GMP, the enzyme activity pattern during development provided strong evidence that 5'-GMp was hydrolysed by an enzyme other than the alkaline phosphatase. This conclusion is supported further by the fact that the hydrolysis of GMP has a different pH optimum than that of NPP (Fig. 2) .
The phosphatase activity was the same whether $-AMP or 5'-dAMP was used The activities were assayed in the presence of 0.05 M-trb, and 0-02 M-MgCIa. The diluted and dialysed extract was aged a t -20' for 3 days before re-assaying.
ATP was hydrolysed even in the absence of Mg2+ ( Table 3) . The activity varied immensely, however, between the experiments. As shown in Table 7 , the enzyme attacking ATP is very unstable, and it is for this reason not identical with the alkaline phosphatase.
Alkaline phoqhatase in B. discoideum 319
Sodium pyrophosphate, PPi, was hydrolysed at alkaline pH values with a sharp optimum at pHS.8. The reaction was completely Mg2+ dependent and required a Mg:PPi ratio of unity for optimal activity. The specific activity hardly changed during differentiation. (Under optimal conditions the values 1020, 770, 1050 and 970 mpw/min./mg. protein were obtained for the amoeba, pre-culmination, culmination and sorocarp stages, respectively.) Hence the pyrophosphatase and the alkaline phosphatase must be two different enzymes.
Of all naturally occurring compounds studied, only $-AMP and 5'-dAMP were possible substrates for the alkaline phosphatase.
With respect to enzyme pattern during differentiation ( Table 5 ) stability (Table 7) , pH optimum (Fig. 2) , effect of substrate concentration (Fig. 3) , and Mg2+ activation (Fig. 4) the characteristics for phosphatase activity against NPP and 5'-AMP were the same. This suggests the same enzyme. It is hence concluded that 5'-AMP and 5'-dAMP as well as NPP are hydrolysed by the alkaline phosphatase in Dictyostelium discoideum .
Inhibition by orthophosphate ( P i )
With NPP or with $-AMP as substrate the alkaline phosphatase in Dictyostelium was inhibited by its end product, orthophosphate. The inhibition at pH 9 was about 50 yo at a phosphate concentration of 0-007 M and almost complete in 0.05-o*~M-K,HPO, (Fig. 5) . Similar curves were obtained for both amoeba and sorocarp extracts.
In Fig. 6 the enzyme activities with and without phosphate are plotted as v versus v/s according to the formula (Eadie, 1952) . The increased slopes in the presence of inhibitor and the fact that the straight lines all have the same intercept (V& show that orthophosphate was a competitive inhibitor of alkaline phosphatase in vitro.
Intracellular orthophosphate
Because of this end-product inhibition of alkaline phosphatase in vitro, the intracellular orthophosphate (Pi) concentration was determined at various stages of development. The first column in Table 8 shows that the phosphate concentration increased about 20-fold during the development from amoebae to spores. Calculated for the whole sorocarp the increase was less; the stalks contribute significantly to the packed cell volume but probably not to the phosphate determinations. The main increase in intracellular phosphate occurred at the late culmination and young sorocarp stages. The extent to which the various phosphate concentrations inhibited alkaline phosphatase activity in vitro (Fig, 5 ) is shown in the second column of Table 8 .
Phosphate release and phosphate inhibition in vitro As shown in Table 8 orthophosphate (Pi) was present in the spores in a concentration high enough to inhibit the alkaline phosphatase by more than 90%. The Pi concentration in the amoebae would cause only a 25% inhibition.
In the concentrated fresh extracts, the enzyme must also have been inhibited to
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K. GEZELIUS AND B. E. WRIGHT some extent. A determination of the Pi contents gave the values 1 0 -8~ for the amoeba and 3 x ~W M for the sorocarp extract, corresponding to 10 and 25 yo inhibition of the enzyme (Fig. 5) . A 100-fold dilution of the extracts decreased the Pi values to and ~X~O -~M respectively, at which concentrations there is no Pi inhibition (Fig. 5) . However, maximal activity was not obtained immediately after dilution and the increase in the sorocarp extract during the first 20 hr was considerably higher than in the extracts from the early stages ( Table 2) . In an experiment involving two sorocarp extracts, one was prepared in 0-05 M phosphate The final activity, after 20 hr, however, was the same as in the not pre-incubated, loo-fold diluted extracts. This slow recovery from Pi inhibition in the preincubated extract may explain the slow increase in activity obtained during the first 20 hr in the diluted ordinary extracts (Table 2 ). This might then be due to release from bound phosphate (Schwartz, 1963) . Table 1 showed that the phosphatase activity decreased with time in the concentrated extracts. This decrease was about 80% during the first 2 days at the amoeba stage and 40-50y0 at the sorocarp stage. During this time the phosphate content increased to about 5 x ~V M , both in the amoeba and sorocarp extracts. This concentration inhibited the alkaline phosphatase in vitro to 40% (Fig. 5) , while the Pi concentrations in the fresh extracts corresponded to 10 and 2 5 % inhibition (see above). Hence, only part of the decrease in enzyme activity could be explained through phosphate inhibition. The enzyme was possibly inhibited also by some other phosphate compcwnd(s). Apparently the decrease was not due to instability of the enzyme: a 100-fold dilution of the aged concentrated extracts and storage of the dilutions at + 4 O for 20 hr did not only restore the enzyme activities Alkaline pbsphatase in D. discoideum 321 but increased them, at the early developmental stages, above the values obtained in the diluted fresh extracts. The same increase occurred in preparations kept at -20" for 20 hr before dilution. The effect was about 2-fold at the amoeba stage and very low at the sorocarp stage (Fig. 7) . The nature of this increase was not studied. It might, however, have involved an activation or release of preformed enzyme protein. Increase in alkaline phosphatase activity in vitro has been reported for Bacillus subtilis (Whiteley & Oishi, 1963) . Figure 8 shows both the alkaline phosphatase activities in vitro and the predicted enzyme activities in vivo based on the intracellular phosphate molarities and assuming that the inhibitor was available to the enzyme. The data indicate an increase during differentiation in enzyme concentration but suggest that the inhibition of the enzyme ia vivo resulted in highest activity during culmination.
Phosphdase activity in vitro and in vivo
Alkaline phosphatase in cells differentiating in the presence
of exogenous metabolites I n all the previous experiments the slime mould was differentiating on plain 2% agar in the absence of any exogenous nutrients. When orthophosphate or 322 K. GEZELIUS AND B. E. WRIGHT glucose was present in the agar, the rate of differentiation was increased. The optimal stimulating concentrations were 0.01 M with respect to Pi and 0.05 M for glucose (Krichevsky & Wright, 1963) . In the presence of 0.01 M Pi the intracellular Pi values were higher than when the slime mouId was differentiating on plain agar, but only early in development. The high Pi concentrations in the sorocarps were not further increased ( Table 9) . On plain agar, the intracellular glucose content was highest during pre-culmination and culmination (Wright, Bruhmuller & Ward, 1964) . Although direct determinations were not made, it is known that exogenous glucose does enter the cells during differentiation, since it stimulates the rate of development and respiration and also affects the pathways of hexose metabolism (Wright et al. 1964) . Table 9 j. The stalks were included in all the sorocarp preparations. Figure 9 shows the alkaline phosphatase activity in vitro from cells differentiating on plain agar, and on agar 0-01 M with respect to Pi or 0.05 M with respect to glucose. The enzyme was assayed, as always, under conditions of no Pi inhibition. In the presence of exogenous Pi or glucose, the phosphatase values did not increase after culmination, while in the control the enzyme concentration was maximal in the sorocarps. Early in development there was no negative effect of either Pi or glucose. On the contrary, the phosphatase concentration was higher in the cells on Pi agar. This is most likely due to the fact that phosphate is speeding up the rate of development.
No attempts were made to study the synthesis of the alkaline phosphatase protein. However, the data in Fig. 9 suggest that the enzyme was repressed, but only in the sorocarps, in the presence of glucose or Pi. This effect of Pi, and probably also of glucose, appeared to be a delayed phenomenon, since the alkaline phosphatase levels were not affected in the early stages, though the intracellular Pi concentration was increased when the compound was present in the agar ( Table 9) . This was more strikingly demonstrated when 0-1 M Pi was used. In an experiment with this concentration, the Pi inside the cells was 0.028 M in the young pre-culmination stage as compared to 0.002 M in the somewhat slower control (still pseudoplasmodia). There was thus a 14-fold increase in intracellular Pi, yet the alkaline phosphatase concentration was not affected in the early stages of development.
The SM medium contained, in addition to potassium phosphate (0.016 M) and glucose (0.05 M), peptone and yeast extract. Excluding the yeast extract, this was Alkaline phosphutase in D. discoideum 323 the substrate used in the investigations by Bonner et al. (1955) , Krivanek (1956) and Krivanek & Krivanek (1958) . On this medium the effect on the enzyme was much more pronounced than in the presence of Pi or glucose alone; the phosphatase concentration decreased drastically in the sorocarps (Fig. 10) . When concentrated extracts were used (as in the experiments by Krivanek, 1956) , the phosphatase values obtained for the sorocarps were still lower, due to phosphate inhibition in the extracts. The diluted, dialysed extracts were assayed in 0.05 M-tris, 0.02 M with respect to MgCl,.
The nucleosides adenosine and deoxyadenosine, end products of the 5'-nucleotidase reaction, were somewhat inhibitory to the rate of slime mould development. The inhibition in the presence of adenosine was quite obvious at 5 x l W 3~. As shown in Fig. 11 , both compounds increased the specific enzyme activities in the 324 K. GEZELIUS AND B. E. WRIGHT sorocarps and they seemed thus to induce alkaline phosphatase formation in Dictyostelium. The data in Table 10 suggest that deoxyadenosine had a stronger effect than adenosine. All extracts were assayed after dilution and dialysis, i.e. in the absence of any removable inhibitor. Figure 12 , bottom, shows the Pi concentrations in cells differentiating on plain agar and on agar 5 x 1 0 -3~ in respect to adenosine. Early in development the intracellular Pi molarities were the same in both cases, but during sorocarp formation and in the sorocarps the Pi concentration was considerably lower in the presence of exogenous adenosine. The upper part of Fig. 12 represents a plot of the calculated difference in intracellular Pi between cells on plain and on adenosine agar. The resulting curve rises during sorocarp formation and in the young sorocarps, the stage at which the stimulation of alkaline phosphatase levels occurred in the presence of adenosine.
DISCUSSION
Of naturally occurring compounds the alkaline phosphatase of Dictyostelium discoideurn, routinely assayed with NPP, hydrolyses AMP and dAMP. It is in this respect completely different from the unspecific alkaline phosphatase of Escherichia Alkaline pho8phatase in D. discoideum 325 coli which hydrolyses mononucleotides and hexosephosphates (Torriani, 1960 ; Garen & Levinthal, 1960) and such compounds as ATP, ADP and PPi (Heppel, Harkness & Hilmoe, 1962) . The specific 5'-nucleotidases studied usually attack several mononucleotides but not NPP (Reis, 1951; Heppel & Hilmoe, 1951; Sulkowski, Bjork & Laskowski, 1963) .
The in vitro activity pattern obtained on plain agar for PGP, a very poor substrate for the Dictyostelium enzyme, resembled that for NPP. In the presence of nutrients, the activity pattern for NPP (Fig. 10) was the same as that shown for BGP (Bonner et al. 1955; Krivanek, 1956) . A comparison between the Krivanek's data for alkaline phosphatase (1956) and for 5 '-nucleotidase (1958) shows identical distribution of the enzymes. We consider it most probable that these enzymes are one and the same, and that the enzyme studied by us with NPP and 5'-AMP as substrates is identical with the alkaline phosphatase described by Bonner et aE. (1955) and by Krivanek (1956) .
The alkaline phosphatase in Dictyostelium is inhibited by orthophosphate. Data (Fig. 9) suggest that the enzyme is also repressed by Pi, but only in sorocarps.
In Escherichia coli the alkaline phosphatase is both inhibited and repressed by Pi (Horiuchi, Horiuchi & Mizuno, 1959 ; Torriani, 1960) . Glucose, a known repressor of many enzymes (Neidhart & Magasanik, 1956 ) causes the same decrease in enzyme concentration in the spores as Pi. The rich medium, which contains glucose, Pi and peptone, is more powerful than glucose or Pi alone. Whether this depends on the combination of Pi and glucose or in part on the presence of some amino acid(s) in peptone (Cox & MacLeod, 1963) is not known.
The alkaline phosphatase activity in vivo in Dictyostelium discoideum appears to be controlled by a t least two systems: (1) End-product inhibition by Pi. This is perhaps most important when the organism differentiates under extreme conditions of starvation. (2) Repression. The accumulation of the enzyme in the sorocarps is inhibited by the presence of exogenous metabolites in the environment during development. Both systems appear to collaborate to ensure maximal alkaline phosphatase activity during culmination, i.e. when cellulose synthesis and the final differentiation into spores and stalk cells takes place. The conclusions are based on the assumption that the Pi concentration determined for the whole cell approximates the concentration for the enzyme in the cell. The significance of in vitro data with respect to in vivo conditions has been discussed elsewhere (Wright, 1964) .
In the presence of exogenous adenosine or deoxyadenosine the alkaline phosphatase concentrations increased, but only in the sorocarps (Fig. 11) . If this effect involves increased enzyme synthesis, considerable protein synthesis must occur in the spores. That this is the case was shown by 'Wright & Anderson (1960) .
The effect of the nucleosides could be due to one or both of the following mechanisms: (1) The inducer may not be adenosine or deoxyadenosine per se but AMP or dAMP formed inside the cells. (2) Another possibility is that the increase in enzyme concentration is due to the removal of the repressor, Pi, by the formation of AMP or dAMP from the base+Pi. We cannot a t present decide between these two interpretations. We can only point out that the time of increase in alkaline phosphatase in the presence of adenosine coincides with the time of decrease in intracellular Pi concentration.
A preliminary report of this work has been published, (Gezelius & Wright, 1963) .
326
